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A Study of Chemical and Physical
Properties of Three Alluvial Soils in th
Sugar Cane Area of Louisiana
Wm. H. Patrick, Jr., Ronald Wyatt and R. H. Brupbacher
Department of Agronomy
One of the most important areas in which sugar cane is grown in
Louisiana is along both sides of Bayou Teche and its distributaries. The
area extends through St. Landry, St. Martin, St. Mary and Iberia par-
ishes. Three soil series, Iberia, Cypremort and Baldwin, comprise a
large portion of the arable land in this area and occupy almost 250,000
acres. They are classified by Lytle et al. (5) as Mississippi River Terrace
Soils of Late Pleistocene - Early Recent origin.
These soils were formed from the deposits of the Mississippi River
and its distributaries when the Mississippi flowed through the channel
now occupied by Bayou Teche and which it left about 2,000 years
ago {3) . The soils on the natural levees of the Teche-Mississippi and its
two main distributaries. Bayou Sale and Bayou Cypremort, have been
developing since that time with no further additions of alluvium.
Among the most striking features of these soils are the physical fac-
tors of drainage, structure and texture, which appear to be more im-
portant than chemical properties in determining the suitability of the
soil for sugar cane production. Their relatively poor subsurface drainage,
fine texture, and in some cases artificial compaction, account for the
significance placed on physical properties as indices of the productivity
of these soils.
The general depositional pattern of these soils is characteristic of
the manner in which an overflowing stream deposits its suspended load.
Coarser alluvial materials were deposited near the stream channel on
the highest elevation of the natural levee ridges along the banks of
the stream. The finer sediments, silty clays and clays, were carried in
suspension and deposited farther from the channel toward the back
swamps. Generally this has resulted in a gradation from fine sands and
silts to silty clays and clays as the distance from the stream increased.
Thus the coarsest textured Cypremort soils occupy front lands on the
crests of the natural levees adjacent to the stream channel. These soils
are moderately well-drained and have been moderately leached of bases.
They have been in place long enough to have developed profiles. The
Cypremort soils have a brown A horizon that ranges in depth from 6
to 10 inches and a silty clay loam subsoil (5). Most areas have been
planted to row crops for more than 100 years.
Following the general depositional pattern, the Baldwin soils usually
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occur at elevations about halfway between the Cypremort soils and
the lower lying Iberia soils. They are not so well drained as the Cypre-
mort soils, being inipertectly drained to poorly drained. The A horizon
is grayish brown to very dark grayish brown and ranges trom 8 to 12
inches in depth (5). The subsoil is slowly permeable clay as compared
with the moderately permeable silty clay loam subsoil ot the Cypremort
series.
Iberia soils, which are generally the finest-textured of the three
series, are developed from materials of high clay content deposited in
the back swamps or slack water areas adjacent to the natural levees.
They occur at slightly lower elevations than the associated Cypremort and
Baldwin soils and are adjacent to the swamp soils. Both surface and
subsurface drainage are poor in these soils because of their low eleva-
tion and fine texture. The Iberia soils have a dark gray to black A hori-
zon that varies in depth from 7 to 10 inches (5).
Shuker (9) made a study of the physical properties of complete pro-
files of each of these soils and found that their most distinctive feature
was the relatively poor internal soil drainage. He concluded that this
feature and their fine texture were the two most important physical
characteristics determining their suitability for sugar cane production.
The chemical characteristics of six profiles of these soils were studied
by Driskell (2). Some of his results were published in the Soil Survey
Report of St. Mary Parish (5). He found the Iberia soils to be higher
than the Baldwin and Cypremort soils in organic matter content, ex-
changeable calcium, pH, exchangeable potassium and total exchange
capacity. The Cypremort soils were lowest in organic matter content,
total cation exchange capacity, calcium, magnesium, phosphorus and pH.
Because of the importance of soil physical properties in determining
the productivity of these soils, a detailed study of certain physical and
chemical properties of representative soils of the Cypremort, Baldwin
and Iberia series has been made. The relationship of these physical and
chemical properties to each other was also examined in this study.
Sampling and Preparation of Samples
For this study 25 samples of the Ap horizon of each soil series were
collected from an area of approximately 170 square miles in St. Mary
Parish, Louisiana. The sampling sites were chosen on or adjacent to
the natural levees of the Bayou Teche, having been preselected by
using the Soil Survey of St. Mary Parish made by Lytle et al. (5) . Each
sample was composed of about 10 subsamples collected in a small area
in fields either supporting a cane crop or lying in summer fallow between
cane crops. Representative samples of each series were collected.
After thorough mixing, the samples were gently crushed by hand to
pass through a sieve with 8 mm. openings and then allowed to air dry.
The 8 mm. soil was used for water-stable aggregate determination, par-
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tide size analysis and moisture determination. A portion of the soil
was passed through a 2 mm. sieve for 1/3- and 15-atmosphere moisture
percentages. Subsamples of the air-dry 8 mm. soil were crushed to pass
a 35 mesh screen for other analyses.
Laboratory Analyses
Water-stable aggregates were determined by the wet-sieving method
as outlined by Van Bavel {11). After testing for the presence of car-
bonate carbon with hydrochloric acid, organic carbon was determined
in a dry combustion chain as suggested by Piper [8), and converted to
organic matter by the factor 1.724. Duplicate 40 gram samples of 8 mm.
air-dried soil were used to determine the percentages of sand, silt and
clay by the proposed hydrometer method of the Committee on Physical
Analyses of the Soil Science of America (7) as modified by Patrick (7).
The field capacity and wilting point of the soils were estimated by
measuring 1/3- and 15-atmosphere moisture percentages, respectively.
One-third-atmosphere moisture percentage was determined by using a
porous plate assembly and 15-atmosphere moisture percentage determ-
ined with a pressure membrane assembly.
Total cation exchange capacity, reported in milliequivalents per 100
grams of dry soil, was determined by leaching the soil with IN am-
monium acetate and using the method adopted by Hanes {4). pH
determinations were made with a Beckman glass electrode pH meter
on a 1:1 soil-water mixture that had been allowed to stand for 24 hours.
Exchangeable calcium, magnesium and potassium were all extracted
at a 1:20 soil-to-solution ratio by shaking the soil for 15 minutes with
.IN hydrochloric acid solution. The concentrations of calcium and
potassium were determined by use of a Perkin-Elmer flame photometer,
using lithium as an internal standard. Magnesium was determined by
the Clayton Yellow colorimetric method {6). The calculation of base
saturation was made by using the values of extractable calcium, magne-
sium and potassium. Phosphorus was extracted with .IN hydrochloric
acid and .03 N ammonium fluoride solution at a 1:20 soil-to-solution
ratio and determined colorimetrically with a Bausch and Lomb Spec-
trophotometer.
Results and Discussion
Results of the chemical and physical analyses are presented in Tables
1, 2 and 3.
The means of these results for each soil series are shown in Figures
1 and 2.
Simple correlation coefficients for all properties studied are shown
in Table 4.
Percent Clay.—Clay contents of the A horizon of the 75 samples of
the three soil series were found to vary from 10.1 to 58.8 percent. Due
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Aggregation Organic Matter Clay Exchange Capacity Base Sat.
percent percent percent m.e./ 100 g. soil percent
FIGURE L—Average values for certain chemical and physical properties of Cypre-
mort, Baldwin and Iberia soils.
97
Calcium Magnesium Phosphorus Potassium
p.p.m. p.p.m. p.p.m. p.p.m.
FIGURE 2.—Average values for certain extractable nutrients in Cypremort, Baldwin
and Iberia series.
to their proximity to the stream channel, the coarser textured Cypremort
soils contained the lowest amount of clay in the Ap horizon, the average
for the series being 20.1 percent. The Iberia soils, farthest from the
stream channel and developed from the finer materials deposited in the
9
TABLE 4.—Simple correlation coefficient (r) among physical and chemical properties
of the A horizon of the Cypremort, Baldwin and Iberia soils
O.M. Clay Atm.
15-
Atm. C.E.C.
Base
Sat. Ca pH Mg P K
Agg. .760 .735 .648 .759 .748 .122 .731 .195
O.M. ,744 .837 .788 .850 .163 .802 .139
Clay :867 .976 .948 .196 .682 .059
1/3-Atm Q1 1.yi 1 — ClIK.U/t) .oy^ —.U40 .04/ .11)4 .595
15-Atm. .y/0 — 1 OA.140 JAO .uuu .y^o AAA J 16
C.E.C. .015 .808 .081 .949 .140 .630
Base Sat. .472 .857 .073 .297 .407
Ca .561 .758 .275 .333
PH .140 .256 .211
Mg .093 .535
P .098
Correlation coefficient required for significance at 1% level of probability — .302
slack water areas, were highest in clay content with an average of 33.5
percent. The intermediately-situated Baldwin soils contained an average
of 27.7 percent clay.
Percent Organic Matter.—Organic matter content of these surface soils
ranged from 0.75 to 3.94 percent. The lighter colored, coarser textured
Cypremort soils were found to be lowest in organic matter, containing
an average of L47 percent. The darker colored, heavier textured Baldwin
soils contained an average of 2.23 percent organic matter. The very dark
colored and poorly drained Iberia soils were highest in organic matter
content with an average of 2.92 percent for the series.
Figure 3 shows that organic matter was closely related to clay content.
The curvilinear regression line in this figure indicates that the organic
matter content increased significantly with an increase in clay content.
Factors such as cropping systems and soil management are also important
in determining the organic matter level of a soil. The soils included in
this study, however, had all been subjected to somewhat similar
management practices since they were all either in sugar cane or in
summer fallow between crops of sugar cane. For this reason clay con-
tent appeared to be more important in determining the organic matter
content of the soil than any other factors.
Aggregation.—Aggregation is reported as percent water stable aggre-
gates greater than 0.21 mm. The Cypremort soils with the lowest organic
matter and clay contents were lowest in percent aggregation, with an
average of 21.8 percent for the series. The Baldwin soils, intermediate
in clay and organic matter contents, had an average of 30.3 percent
aggregation, while the heavy textured Iberia soils, highest in clay and
organic matter contents had the highest percent aggregation, averaging
37.6 percent. Higher values of aggregation in the Iberia and Baldwin
soils do not mean that these soils have a better structure than the
Cypremort soil. On the contrary, soil structure is more critical in the
10
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FIGURE 3.—Relationship between organic matter and clay.
Iberia and Baldwin soils as a result of their high clay contents. These
soils are much harder to manage than the coarser textured Cypremort
soil.
One-Third- and Fifteen -Atmosphere Moisture Percentages.—For the
three series 1/3- and 15-atmosphere moisture percentages followed the
same trend as organic matter, clay content and aggregation. Both mois-
ture values were highest for the Iberia series and lowest for the Cypre-
mort series.
One-third- and 15-atmosphere moisture percentages were closely
related to clay content, as may be seen in Table 4 and Figure 4. The
equations relating 1/3- and 15-atmosphere moisture percentages to clay
content were:
Yi = 6.98 + 1.04X-0.0091X^
Y2 = 0.85 + 0.389X - 0.00033X^
where Yi = 1 /3-atmosphere percentage
Y2 =: 15-atmosphere percentage
X = percent clay
11
20 40 60
Clay - percent
FIGURE 4.-Effect of clay content on 1/3-atmosphere moisture percentage, 15-atmos-
phere moisture percentage, and available moisture storage capacity.
Fifteen-atmosphere moisture percentage was a near straight-line func-
tion of percent clay, while the equation relating 1/3-atmosphere mois-
ture percentage and clay was definitely curvilinear. The difference
between the 1/3- and 15-atmosphere moisture percentages is an estimate
of the available water-holding capacity of the soil. Available water-
holding capacity as a function of clay content was calculated by sub-
tracting the equation for 15-atmosphere moisture percentage from the
equation for 1/3-atmosphere moisture percentage. This resulted in the
following equation:
Y,-Y,z= 6.13 + 0.651X-0.0088X
where — Yo = percent available water
Because of the curvilinear nature of the equation relating available
water-holding capacity to percent clay, the clay content at which water-
holding capacity was a maximum could be calculated. This calculation
12
Ishowed that a maximum available water-holding capacity of 20.3 per-
cent occurred at a clay content of 37.1 percent.
Cation Exchange Capacity.—The average values of cation exchange
capacity for the three soil series were 11.91 m.e./lOO g. for the Cypre-
mort, 18.97 m.e./lOO g. for the Baldwin and 22.84 m.e./lOO g. for the
Iberia. Cation exchange capacity was closely related to both organic
matter and clay content as may be seen in Figures 5 and 6. A multiple
regression equation relating cation exchange capacity to both organic
matter content and clay content was calculated. This equation had
the form:
Y = 0.02 + 0.45Xi
-f 2.6OX2
where Y = cation exchange capacity
Xi = percent clay
X2 = percent organic matter
This equation had a multiple correlation coefficient of 0.973. This
40
CO
6si
CO
i
TOg
3
30
20
10
Y = 1.62+0.60X
r = 0.948**
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o - Cypremort
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10 20 30 40
Clay - percent
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FIGURE 5.—Relationship of cation exchange capacity to clay.
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FIGURE 6.-Relationship of cation exchange capacity to organic matter.
shows that approximately 95 per cent of the variation in cation exchange
capacity could be accounted for by changes in organic matter and clay
content. A fairly accurate estimate of the cation exchange capacity of
one of these soils could thus be made from a knowledge of its clay con-
tent and organic matter content.
Percent Base Saturation.-The base saturation for individual soils
ranged from 47.1 percent to 100 percent. Approximately three-fourths
of the soils were between 75 and 95 percent base saturated. Most of
the soils with low values for percent base saturation belonged to the
moderately well-drained Cypremort series. The average base saturation
values of the three series were 78.8 percent for the Cypremort series,
81.0 percent for the Baldwin series, and 85.8 percent for the Iberia
series. It is likely that the Cypremort and Baldwin soils that had a base
saturation of 100 percent had been limed.
The results for percent base saturation indicate that these soils
14
have been only moderately leached of bases. Their fairly high base
saturation attests to their relative youth. Nearby Pleistocene Terrace
soils which have been weathering in place long enough to have well
developed profiles have a base saturation of about 50 percent in the
surface soil.
pH.—The range in pH for the soils was found to be from 4.8 to 7.5.
For the Cypremort soils the average pH was 5.78, for the Baldwin soils
5.83, and for the Iberia soils 6.03. There was a close relationship between
pH and percent base saturation as is shown in Figure 7. Percent base
saturation could be estimated fairly accurately from the pH value for
these soils.
Calcium.—The range in extractable calcium content for the 75 soil
samples was 820 to 4,760 ppm. The average for the Cypremort soils was
found to be 1,418 ppm., for the Baldwin soils 2,153 ppm. and for the
Iberia soils 2,782 ppm. High calcium content and a high pH in several
&5
6i)-
5,5-
5.0-
4.5-
4.01
Y = 2.44 + 0.042X
r = 0.877
- Baldwin
o - Cypremort
^ - Iberia
A A ^ A
O Q
40 50 60 70 80
Base Saturation - percent
90 100
FIGURE 7.—Relationship between pH and base saturation.
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of the Cyprcmort soils suggest that lime had been applied to these soils.
Magnesium.—The range in extractable magnesium was found to be
from 165 to 1,270 ppm. Averages of 21 1, 518 and 653 ppm. were measured
for the Cypremort, Baldwin and Iberia soils, respectively. Magnesium
was found to be very closely related to cation exchange capacity and
calcium; this element was highest in the Iberia soils, and lowest in the
Cypremort soils. These soils have an adequate supply of magnesium for
proper plant growth. Byrnside and Sturgis {10) found no response of
sugar cane to magnesium fertilization.
Phosphorus.—Extractable phosphorus varied from 15 to 356 ppm.
The wide range in phosphorus content reflects heavy additions of phos-
phorus to some of the soils in addition to the normal variation in
phosphorus content. Phosphorus was lowest in the Cypremort soils with
an average of 65.1 ppm., intermediate in the Baldwin soils with an aver-
age of 78.6 ppm. and highest in the Iberia soils with an average of 88.0
ppm. These soils vary in their response to phosphorus fertilization; gen-
erally where extractable phosphorus is low, significant response to phos-
phorus fertilization is achieved.
Potassium.—The range in available potassium was found to be 30 to
164 ppm. It was found to be lowest in the Cypremort soils with an
average of 76.5 ppm., highest in the Baldwin soils with an average of 96.7
ppm., and intermediate in the Iberia soils with an average of 92.8 ppm.
These soils have been found to vary in their response to potassium fertil-
izers. Generally, where potassium is low, 40 to 60 lbs. of KoO have been
found to be beneficial; above these levels no response has been
obtained. The Iberia soils tend to respond better to potash fertilizer
than do the Baldwin soils. The Baldwin soils were intermediate between
the Cypremort and Iberia soils in most of the properties studied, but
were higher than the Iberia soils in extractable potassium.
Relation of Aggregation to Organic Matter and Clay.—The relation-
ships between aggregation' and organic matter content and between
aggregation and clay content are shown in Figures 8 and 9. Statistical
analyses revealed that both these relationships were significant at the
1 percent level of probability. The analyses did not reveal, however,
which of the two variables, organic matter or clay, had the most effect
on aggregation. An attempt was made to separate these effects by
statistical means. It seemed probable that aggregation might actually
be related to only one of the factors, organic matter or clay, and appear
to be correlated with the other variable, due to a close relationship
between organic matter and clay. To study the effect of organic matter
on aggregation independent of clay content, the correlation between
aggregation and organic matter was measured while clay was held at a
fairly constant level. This was achieved by selecting and statistically
analyzing two groups of samples in which organic matter covered a
moderately wide range while clay varied only slightly. Sixteen samples
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were chosen in a low clay range in which clay varied only from 19 to
22 percent and 12 samples were chosen in a higher clay range with a
small variation of clay content from 31 to 33 percent. The results of
this statistical analysis are shown in Table 5. The correlation coefficient
between aggregation and organic matter at a relatively low and nearly
constant clay level was highly significant, but at a relatively high clay
level the correlation w^as nonsignificant. Thus, organic matter appeared
to be more effective in promoting aggregation at a low clay content
than at a tHgh clay content. At the high clay level, any effect of organic
matter on aggregation appeared to be masked by clay.
The relationship of aggregation to clay content independent of
organic matter was studied in a similar manner and the results are
tabulated in Table 5. A nonsignificant correlation between aggregation
and clay w^as found at both levels of organic matter selected, although
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the correlation was considerably higher at the low organic matter level
than at the high organic matter level.
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TABLE 5.—Simple correlation coefficient (r) between aggregation and organic matter
at two levels of clay, and between aggregation and clay at two levels of organic
matter
n Y X r
16 Agg. O.M. (Clay 19-22%) .772**
12 Agg. O.M. (Clay 31-33%) .096
13 Agg. Clay (O.M. 1.1-1.4%) .430
11 Agg. Clay (O.M. 2.1-2A%) .191
**Significant at 1% level of probability.
Summary and Conclusions
A study was made of certain physical and chemical properties of the
Ap horizon of three important soil series of alluvial origin in the sugar
cane area of Louisiana. These soils occur on the natural levees of the
channel now occupied by Bayou Teche in South Louisiana.
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The better drained Cypremort soils, occurring at the highest eleva-
tions and closest to the stream channel, had the coarsest texture, lowest
organic matter content and the lowest aggregation. They also contained
the lowest levels of mineral nutrients. The very poorly drained and
fine-textured Iberia soils, occurring farthest from the channel at the
lowest elevations was highest in organic matter, percent aggregation and
content of mineral nutrients. The Baldwin soils, generally lying between
the Cypremort and Iberia soils, were intermediate in physical properties
and extractable nutrients. An exception to this pattern was extractable
potassium which was slightly higher in the Baldwin soils than in the
Iberia soils.
The interrelations of the various physical and chemical properties
were also studied. One-third- and 15-atmosphere moisture percentages
were closely related to clay content. A maximum available water-holding
capacity of 20.3 percent occurred at a clay content of 37.1 percent.
Ninety-five percent of the variation in cation exchange capacity in these
soils could be accounted for by variations in organic matter content
and clay content. It was found that aggregation was also closely related
to both organic matter and clay in these soils. Because of the close
association between organic matter and clay, it was difficult to measure
their separate effects on aggregation.
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